Objectives To explore associations between IQ measured in early adulthood and subsequent hospital admissions for attempted suicide and to explore the role of psychosis and examine associations of IQ with specific methods of attempted suicide. Design Cohort study. Setting Sweden. Participants 1 109 475 Swedish men with IQ measured in early adulthood followed up for an average 24 years. Main outcome measures: Hospital admission for attempted suicide. Results 17 736 (1.6%) men had at least one hospital admission for attempted suicide by any means during followup. After adjustment for age and socioeconomic status, lower IQ scores were associated with an elevated risk of attempted suicide by any means (hazard ratio per standard deviation decrease in IQ=1.57, 95% confidence interval 1.54 to 1.60), with stepwise increases in risk across the full IQ range (P for trend<0.001). Similar associations were observed for all specific methods of attempted suicide. Separate analyses indicated that associations between IQ and attempted suicide were restricted to participants without psychosis and that IQ had no marked impact on risk of attempted suicide in those with psychosis. Conclusions Low IQ scores in early adulthood were associated with a subsequently increased risk of attempted suicide in men free from psychosis. A greater understanding of the mechanisms underlying these associations may provide opportunities and strategies for prevention.
INTRODUCTION
Attempted (non-fatal) suicide is a frequent cause of emergency admission to hospital in Europe and the United States, 12 and repeated episodes are common. 13 Unsurprisingly, attempted suicide is the strongest predictor of completed (fatal) suicide; estimates in the United Kingdom suggest that up to two thirds of suicides are preceded by a non-fatal attempt in the previous year. 3 Growing evidence suggests that intelligence (cognitive function) may have a role in the aetiology of attempted suicide, but the nature of this relation is uncertain. Evidence from ecological studies suggests that countries with higher average scores on intelligence tests generally have higher suicide rates, although these findings may well be subject to the ecological fallacy. 45 Conversely, observations in non-clinical samples indicate that people with lower intelligence are more likely to attempt suicide, [6] [7] [8] and to succeed in killing themselves, [9] [10] [11] [12] consistent with evidence that psychiatric illness is more common in people with lower IQ scores. 13 However, the presence of psychiatric illness, specifically schizophrenia or psychosis, has been hypothesised to modify associations between IQ and death from suicide; in people with psychosis, those with higher IQ or better school performance had the greatest risk of completed suicide. 12 14 15 Previous studies examining intelligence and attempted suicide have not directly considered the role of psychosis. Furthermore, they were based on relatively small numbers of participants or events, [6] [7] [8] leading to limited statistical power and prohibiting exploration of associations of IQ with attempted suicide by specific means. The analysis presented here explores associations between IQ measured in early adulthood and subsequent hospital admissions for attempted suicide in a cohort of more than a million Swedish men, of whom more than 15 000 attempted suicide during two decades of follow-up. This cohort is more than seven times larger than the previous largest study. 6 In addition to offering greater statistical power, this has allowed exploration of the role of psychosis and examination of associations of IQ with specific methods of attempted suicide.
METHODS

Study participants and record linkage
The record linkage used to generate this cohort has been reported previously. 10 16 The cohort comprised all non-adopted men born in Sweden from 1950 to 1976 with both biological parents identified in the multi-generation register. We used unique personal identification numbers to link this register with the population and housing censuses records (1960 and 1970) , and military service conscription, cause of death, and national hospital discharge registers, resulting in 1 379 531 successful matches.
Conscription examination
The military service conscription examination involves a structured, standard medical assessment of physical and mental health and cognitive function. During the years covered by this study, the law required this examination; only men of foreign citizenship or with severe disability were excused. This dataset covers examinations from 15 September 1969 to 31 December 1994, after which the method for measuring IQ changed. Average age at examination was 18.3 (range [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] years.
IQ was measured by four written subtests representing verbal, logical, spatial, and technical abilities. 17 The verbal test measured knowledge of synonyms. The logical test measured capacity to understand written instructions and apply them to problem solving. The spatial test depicted a plan drawing of an object in its preassembled, two dimensional state and required respondents to identify, from a series of drawings of fully assembled, three dimensional objects, which it represented. The technical test measured knowledge of chemistry and physics and implies a general knowledge component. All test scores, including a total IQ score derived from summing the results of the subtests, were standardised year on year to give a Gaussian distributed integer score between 1 and 9, with higher values indicating greater intellectual capacity.
Psychosis at conscription was identified during a short interview by a physician (ICD-8/9 (international classification of diseases, 8th/9th revision) codes 295.0-299.9). Medical personnel used standard protocols to measure blood pressure, height, and weight. Body mass index was derived in the usual way (weight (kg)/ height (m) 2 ). Childhood socioeconomic status was based on the highest occupation of either parent (from 1960/1970 population and housing censuses), using seven categories: non-manual (high), non-manual (intermediate), non-manual (low), farmers, skilled, unskilled, and other. Highest educational achievement (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) was also based on seven categories: primary school (<9 years), primary school (9-10 years), secondary school (≤12 years), full secondary education, university (<3 years), university (≥3 years), and PhD studies.
We used population and housing censuses records (1990) to ascertain adult socioeconomic status coded as for childhood status. Adult socioeconomic status was based on men's own occupation for those who had an occupational code and otherwise on household socioeconomic status. Questionnaire data on smoking and alcohol consumption were collected at conscription in 1969-70 for a subgroup (3%) of men. "Risky" use of alcohol was identified from at least one of consumption of ≥250g 100% alcohol per week, ever consumed alcohol during a hangover, ever been apprehended for drunkenness, and often been drunk.
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Hospital admissions data
Hospital admissions data from 1969-2006 were based on the Swedish hospital discharge register, which covered around a third of the Swedish population in 1970, rising to 71% in 1977 and 100% from 1987. The shortfall in the 1970s and 1980s occurred in counties of varying population density and socioeconomic composition, and we have no reason to suppose that any systematic difference existed in associations of IQ with attempted suicide between counties included and not included in the register during these early years. Admissions were coded according to ICD versions 8, 9, and 10. We identified attempted (non-fatal) suicides from injuries coded as intentional or undetermined. Although likely to vary from hospital to hospital, "undetermined" codes generally describe injuries for which level of intent is difficult to establish. However, in adults, most undetermined injuries are likely to have been intentional, 19 and the two codes are usually combined in epidemiological studies. Our follow-up period covered three ICD revisions, and, although these revisions do not seem to have affected the total number of suicides, differences exist in the classifications of specific suicide methods. 20 We therefore identified seven methods that were coded consistently between revisions 20 21 : poisoning by solid or liquid (including drugs); other poisoning (including domestic gas and vehicle exhaust); hanging, strangulation, and suffocation; drowning; firearms and explosives; jumping or falling from a high place; and sharp objects. Table 1 shows the ICD codes used to identify hospital admissions for attempted suicide. We restricted all analyses to admissions for attempted suicide that occurred after conscription. We also identified hospital admissions for psychosis occurring before any suicide attempts (ICD 8/9: 295.0-299.9; ICD10: F20.0-F29.9). Analyses based on specific psychotic conditions were very similar to those based on general psychosis; we therefore present results for general psychosis for simplicity and consistency with previous studies.
Statistical methods
We used Cox proportional hazards regression to explore associations between IQ and attempted suicide after checking that proportional hazards assumptions were not violated. As we included all hospital admissions, men could have more than one suicide attempt recorded. We based the main analyses on the first attempt by any means or by one of our seven specific methods. A man with two admissions for intentional jumping and one for intentional hanging would thus be treated as an attempted suicide event in analyses of all attempted suicides (first event), intentional jumping (first intentional jump), and intentional hanging (only hanging). Follow-up began on the date of conscription and ended on the earliest of date of first attempted suicide (by any means or by specific method as appropriate), death, emigration, or 31 December 2006. The main analyses were based on the total IQ score. We calculated hazard ratios and 95% confidence intervals for all attempted suicides combined according to IQ in nine categories relative to the median (IQ=5) and a standard deviation decrease in IQ. Analyses of method specific attempted suicides were based on fewer events, and we calculated hazard ratios (95% confidence intervals) for IQ in four groups (7-9, 5-6, 3-4, 1-2) to preserve statistical power and for ease of presentation across all methods. We adjusted all analyses for age at conscription. Separate models adjusted for childhood circumstances, based on childhood socioeconomic status and adult height (although largely under genetic control, adult stature is a widely used indicator of pre-adult suboptimal nutrition and socioeconomic adversity 22 ), and adult socioeconomic status. Blood pressure and body mass index have been associated with both IQ and suicide, [23] [24] [25] [26] and we also included these as potential confounding factors. Multiply adjusted models also included conscription centre and year of birth. We examined adjustments for educational achievement separately because of its strong correlation with IQ. Analyses were based on men with complete data for all variables.
Heavy drinking and binge drinking have been previously linked with lower IQ and increased suicide risk. [27] [28] [29] In addition, smoking may be a proxy measure for risk taking or poor health behaviours. In the subgroup of men with complete data, we assessed the impact of adjusting associations between IQ and attempted suicide for smoking (smoker v non-smoker) and alcohol (risky alcohol use v not). We identified men with psychosis from diagnoses of psychosis at the conscription examination and from hospital admissions for psychosis pre-dating any attempted suicide admissions. We calculated associations between IQ and attempted suicide separately for men with and without psychosis and did corresponding tests of statistical interaction/effect modification. Finally, we repeated the main analyses excluding the quarter of admissions for attempted suicide due to undetermined injuries, separately for the four IQ subscales, and using Poisson regression for attempted suicide rates based on the total number of admissions.
RESULTS
Of 1 379 531 men in the original cohort, 1 109 475 (80.4%) had complete data on IQ and confounding variables and were included in the analyses. The most common reason for exclusion was missing IQ (n= 213 861). Men with missing data had lower socioeconomic status and educational attainments. Men were followed up for an average 24.2 years. Altogether 17 736 (1.6%) men included in the analyses had at least one admission for attempted suicide during follow-up compared with 2561 (1.0%) men with missing data. The most common method of attempted suicide was poisoning by solid or liquid (1.3% of men), followed by injury with a sharp object (0.1%), other poisoning (0.04%), hanging, strangulation, or suffocation (0.04%), jumping or falling from a high place (0.03%), injury from firearms or explosives (0.02%), and drowning or submersion (0.01%) (table 1). Table 2 shows the characteristics of men included in the analyses. Men with lower IQ scores were somewhat shorter and had slightly higher body mass index. Differences in socioeconomic status and education were stepwise: men with lower IQ scores were increasingly less likely to have parents from a non-manual socioeconomic status, to have a non-manual socioeconomic status, or to be university educated. A total of 12 328 (1.1%) men included in the analyses were identified as psychotic; 280 (2.3%) were identified at conscription and the remainder had a subsequent hospital admission for psychosis pre-dating any admissions for attempted suicide. Psychosis and attempted suicide were both more common in men with lower IQ scores. Table 3 shows hazard ratios for attempted suicide by any means according to IQ score relative to the median (IQ=5). We found consistent stepwise increases in hazard across all nine IQ groups (P for trend<0.001). In age adjusted analyses, men in the lowest IQ group were almost nine times as likely to have an admission for attempted suicide as were those in the highest group, and an SD (1.9 point) decrease in IQ score was associated with a 71% (95% confidence interval 68% to 74%) increase in hazard. Adjustment for body mass index and blood pressure had no effect on these associations (results available on request). Associations were somewhat weakened by adjustments for childhood and adult socioeconomic status and, most notably, education. However, striking gradients of increasing attempted suicide with decreasing IQ score remained in multiply adjusted models. Table 4 an SD decrease in IQ=1.76, 95% confidence interval 1.73 to 1.79) and injuries from sharp objects (1.73, 1.65 to 1.82) . Adjustments for socioeconomic status and, particularly, education led to attenuation of associations between IQ and attempted suicide by all methods other than drowning, for which adjustment had no marked impact.
Smoking and alcohol data were available for a subgroup of 34 034 men (3.1% of those included in the main analyses), of whom 783 (2.3%) had at least one hospital admission for attempted suicide. Adjustment for smoking and risky alcohol use both to led attenuation of associations of IQ with attempted suicide by any means (hazard ratio for an SD decrease in IQ adjusted for age only 1.58, 1.47 to 1.69; adjusted for age and risky alcohol use 1.49, 1.39 to 1.60; and adjusted for age and smoking 1.50, 1.40 to 1.61). We found similar results for poisoning by solid or liquid and for injuries from sharp objects; numbers of events were insufficient to allow us to look separately at other method specific suicide attempts.
Of 12 328 men identified as psychotic, 1607 (13.0%) had at least one subsequent admission for attempted suicide compared with 16 129 (1.5%) men free from psychosis. The figure shows age adjusted associations between IQ and attempted suicide by any means for men with and without psychosis. The association in men free from psychosis was very similar to that shown in table 3, with stepwise increases in hazard associated with decreasing IQ score (age adjusted hazard ratio for an SD decrease in IQ=1.73, 1.70 to 1.75). In contrast, we found no evidence of any association between IQ and attempted suicide in men with psychosis, and confidence intervals for all IQ scores included 1.0. Statistical tests for interaction/effect modification were highly significant (P<0.001). Analyses of method specific attempted suicides were very similar: for all seven specific methods we found consistently strong associations of increasing risk of attempted suicide with decreasing IQ score in men free from psychosis compared with no marked associations between IQ and attempted suicide in men with psychosis (results available on request). In analyses of the four IQ subscales, the strongest associations with attempted suicide by any means were those with the logical subtest (age adjusted hazard ratio for an SD decrease in logical IQ=1.68, 1.65 to 1.70), followed by the technical subscale (1.61, 1.59 to 1.64), verbal subscale (1.52, 1.50 to 1.54), and spatial subscale (1.49, 1.47 to 1.52). This somewhat stronger association with logical IQ was also apparent for all method specific suicide attempts other than jumping or falling from a high place. Finally, results from analyses excluding undetermined injuries or based on Poisson regression were very similar to those presented here.
DISCUSSION
In this large scale, prospective cohort study, we found strong, consistent, stepwise associations between decreasing IQ score and increasing risk of attempted suicide, which were evident for attempted suicide by any means and for seven specific methods.
Adjustment for childhood and adult socioeconomic status and, to a greater extent, education led to a reduction in magnitude, but strong associations remained in multiply adjusted models. Separate analyses suggested that associations between IQ and attempted suicide were restricted to men without psychosis; in men with psychosis we found no evidence of any marked association between IQ and attempted suicide.
Strengths and limitations
Our analyses are based on an almost complete birth cohort of more than one million men followed up for an average of 24 years. This study is considerably larger than others in the field, which, in addition to providing superior statistical power, has enabled us to consider method specific attempted suicides. These method specific analyses were motivated, a priori, by observations that the method of preference, often determined by availability, varies with (among other factors) occupation and socioeconomic status, 30 which are related to IQ. Our study population had IQ measured using standardised tests in early adulthood and is well characterised for socioeconomic status and other potential confounding or mediating factors. A potential problem of working with IQ scores collected over 25 years is the "Flynn effect," 31 which describes the phenomenon, in nationally representative samples, of rising IQ scores over time. However, the IQ scores used in these analyses were standardised year on year, and, as a result, we are confident that the Flynn effect had no impact.
We identified attempted suicides from hospital admissions, and, as hospital treatment in Sweden is free, we have no reason to suppose that any systematic bias resulted from this approach. However, our analyses do not include incidents of self harm that did not need hospital treatment, which may be important in identifying people at future risk of attempted or completed suicide. Additionally, our analyses are based on admissions for attempted suicide in Swedish men aged 16 to 57, and our results are not necessarily generalisable to other countries, to women, or to older men. However, younger people have been identified as a priority in terms of suicide prevention, and our results provide an insight into this particularly important group.
Psychosis is a well-established risk factor for attempted suicide, and men who were psychotic at the time of conscription might have performed poorly on the IQ test as a result. However, the vast majority (97.7%) of cases of psychosis were identified after conscription, minimising the confounding effect of this factor on our results. Finally, almost 20% of men were excluded from analyses, mostly because of missing IQ, and fewer attempted suicides occurred in this group. Educational achievement was generally lower, suggesting that excluded men may have been in
WHAT IS ALREADY KNOWN ON THIS TOPIC
Evidence is emerging of an association between intelligence (IQ) and attempted (non-fatal) suicide Existing studies are relatively small and have not explored the association of IQ with method specific attempted suicides Very little is known about the potential effect modifying role of psychosis on associations between IQ and attempted suicide WHAT THIS STUDY ADDS In a cohort of over one million men, strong stepwise associations existed between decreasing IQ score in young adulthood and increasing attempted suicide in men free from psychosis These associations were evident for suicide attempts by any means and for seven specific attempted suicide methods No such associations existed in men with psychosis the lower IQ range. The lower attempted suicide rates in these men therefore suggest that our hazard ratios may be slight overestimates. However, their magnitude is consistent with those reported elsewhere, 68 and the stepwise nature of the associations across all nine IQ scores make it very unlikely that they are substantially due to selection bias.
Possible explanations for associations
Several plausible explanations exist for the associations between IQ and attempted suicide presented here. Low IQ tends to correlate with lower socioeconomic status and income, so people with lower IQ scores may experience more social and financial disadvantage, leading to an increase in suicidal thoughts and behaviours. Low IQ has also been associated with poor health behaviours such as binge drinking, 28 which also increases suicide risk. 29 In our analyses, adjustment for socioeconomic status, smoking, and risky alcohol use led to small degrees of attenuation, suggesting that these factors may partially confound or mediate associations between IQ and attempted suicide. However, the attenuation was modest and these factors are unlikely to account completely for the observed associations.
IQ may also influence a person's ability to deal with stressful circumstances or traumatic events; studies in children and adolescents suggest that those of higher intelligence are more resilient to stress. 32 33 People with lower IQ scores may have poorer problem solving abilities and, in times of crisis, be less able to identify practical solutions to their problems. 10 In separate analyses of the four IQ subtests, we found that associations with the logical (problem solving) subscale were consistently strongest, which would support this view. We also found strong associations with the verbal IQ component, suggesting that an ability to verbalise and share emotion or distress might reduce the risk of non-verbal expression such as self harm. Studies in children suggest that higher cognitive ability is associated with a greater internal locus of control, 34 leading to a decrease in the risk of suicidal behaviour. 35 In addition, high emotional intelligence, particularly strategic emotional intelligence (defined as the ability to understand and manage emotions) may also reduce suicidal behaviour.
36
Adversity in childhood may also affect IQ or academic performance and future suicide risk. Children exposed to violence early in life, either directly as victims or indirectly as witnesses, have been found to have reduced cognitive function, 37 38 and studies of community violence and those that attempt to control for genetic influences indicate that suppression of IQ in exposed children may be independent of parental IQ.
39 40 Exposure to direct or indirect violence in childhood has also been reported to increase the risk of suicide ideation or attempts later in life. 41 42 Although speculative, these relations may contribute to associations between IQ and attempted suicide, and the hypothesis may be worthy of further investigation. Finally, we need to consider the role of psychosis. Previous studies of completed suicide suggest that associations with IQ may differ between people with and without psychosis. Specifically, whereas lower IQ is a risk factor for suicide in those free from psychosis, low IQ or poor school performance has been observed to reduce the risk of completed suicide in psychotic people. 12 14 15 Possible explanations include higher self-expectation in people with higher IQ, leading to increased distress in the face of mental disintegration or greater downward drift in socioeconomic status after mental illness.
14 The negative effect of low IQ in our analysis was similarly restricted to men without psychosis. However, in men with psychosis, we found a lack of association between IQ and attempted suicide rather than the negative impact of high IQ reported for completed suicides. 12 14 This is a new observation, which needs to be replicated in other populations, and speculating on the reasons underlying it is difficult. Inevitably, analyses in psychotic men were based on smaller numbers, possibly leading to reduced power; however, attempted suicide was markedly more common in these men and, in practice, we had 90% power to detect a 20% difference between men with below and above average IQ, which is an extremely modest effect in this context. Alternatively, the apparent lack of association with IQ in men with psychosis may simply reflect the strength of associations between psychosis and attempted suicide compared with the relatively negligible effect of other risk factors.
Conclusions
Suicide is a major cause of morbidity and mortality at young adult ages and therefore presents an important public health challenge. However, the causes of attempted and completed suicide are very poorly understood. This study confirms an emerging association between IQ and attempted suicide in a much larger dataset than has previously been used in this context and, uniquely, provides insight into the role of psychosis. A greater understanding of IQ-suicide associations, particularly in the presence or absence of psychosis, provides a novel insight into the process by which people come to make the decision to attempt suicide. Given the novelty of these findings, further research is needed to provide a deeper understanding, which will inform public health strategies and may lead to a reduction in future attempted and subsequently completed suicides.
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